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In Brief
McIntosh et al. show that the
nonprocessive motor myosin-Ic plays a
role in the initiation and termination of
kinesin-1-driven long-distance transport
in vitro. Nonmuscle tropomyosin-2
abrogates these Myo1c-induced cargo
run initiation and tethering effects,
suggesting a mechanism for intracellular
cargo sorting to specific cellular
destinations.
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Summary
Intracellular transport is largely driven by processive micro-
tubule- and actin-based molecular motors. Nonprocessive
motors have also been localized to trafficking cargos, but
their roles are not well understood [1–7]. Myosin-Ic
(Myo1c), a nonprocessive actin motor, functions in a variety
of exocytic events, although the underlyingmechanisms are
not yet clear. To investigate the interplay between myosin-I
and the canonical long-distance transport motor kinesin-1,
we attached both motor types to lipid membrane-coated
bead cargo, using an attachment strategy that allowsmotors
to actively reorganize within the membrane in response to
the local cytoskeletal environment. We compared the
motility of kinesin-1-driven cargos in the absence and pres-
ence of Myo1c at engineered actin/microtubule intersec-
tions. We found that Myo1c significantly increases the fre-
quency of kinesin-1-driven microtubule-based runs that
begin at actin/microtubule intersections. Myo1c also regu-
lates the termination of processive runs. Beads with both
motors bound have a significantly higher probability of
pausing at actin/microtubule intersections, remaining teth-
ered for an average of 20 s, with some pauses lasting longer
than 200 s. The actin-binding protein nonmuscle tropomy-
osin (Tm) provides spatially specific regulation of interac-
tions between myosin motors and actin filaments in vivo
[8–12]; in the crossed-filament in vitro assay, we found that
Tm2-actin abolishesMyo1c-specific effects on both run initi-
ation and run termination. Together, these observations
suggest Myo1c is important for the selective initiation and
termination of kinesin-1-driven runs along microtubules at
specific actin filament populations within the cell.Results
Membrane-bound cargos are transported throughout the cell
by molecular motors that move along microtubules (MTs)
and actin filaments (AFs). This transport is essential for normal
cellular function, as mutations in either the motors or their
adaptors contribute to diseases, including neurodegeneration
[13] and sensory and metabolic disorders [14, 15]. Organelles
and vesicles undergoing active transport in the cell typically
bind multiple types of MT- and AF-specific motors [16]. Most
research in the field has focused on characterizing the
cargo-associated motors that drive processive movement
along cytoskeletal filaments [16, 17]. Nonprocessive motors,
i.e., motors that take only a single step before detaching*Correspondence: holzbaur@mail.med.upenn.edu (E.L.F.H.), ostap@mail.
med.upenn.edu (E.M.O.)from their cytoskeletal track, also contribute to intracellular
transport; yet, their contributions to cargo dynamics during
trafficking are not yet well defined [1–6, 18, 19].
Myosin-I proteins are single-headed, nonprocessive molec-
ularmotors that facilitate a variety of dynamic actin-membrane
interactions [1, 2, 4, 18–20]. The widely expressed isoform
myosin-Ic (Myo1c) participates in exocytic trafficking [1], recy-
cling of lipid raft cargos [1], and the final stages of glucose
transporter type 4 (GLUT4) transport beneath the plasma
membrane [2, 3, 7], consistent with a possible role in cargo
sorting to specific destinations [1, 3]. Throughout these trans-
port events, Myo1c associates with cargos that bind a range
of processive MT and AF motors, including kinesin-1 and
myosin-V [3, 21–24]. It has been suggested that Myo1c acts
as either a slow actin-based transporter [1, 6] or a molecular
tether [4, 6, 8] during these processes [2, 3, 14]. Here, we use
in vitro reconstitution assays to identify specific roles for
Myo1c in both the initiation and the termination of long-dis-
tance kinesin-1-driven runs.
We examined the transport of synthetic membrane-bound
cargos by directly observing fluorescently tagged kinesin-1
in the presence and absence of Myo1c using engineered cyto-
skeletal intersections, in which coverslip-attached MTs inter-
sect with AF overpasses. We utilized a truncated, biotinylated,
two-headed kinesin-1 construct and a biotinylated Myo1c
construct truncated after the lever-arm domain (hereafter
referred to as ‘‘kinesin-1’’ and ‘‘Myo1c’’ respectively; see
Supplemental Experimental Procedures available online).
Motors were specifically attached to synthetic cargos via a
NeutrAvidin intermediate to biotinylated lipids incorporated
into a dioleoyl-phosphatidylcholine (DOPC) lipid bilayer, sur-
rounding 1 mm silica beads [25]. Biotin-mediated attachment
to lipid membrane-coated beads (MCBs) permits control of
the number of motors bound to the cargo by altering the
mole-percent of biotin-phosphoethanolamine in the DOPC
membrane (see Supplemental Experimental Procedures and
Figure S1), and allows the diffusion ofmotors around the cargo
in response to local changes in cytoskeletal filament geometry
during transport.
In flow chambers containing AFs and MTs, MCBs bound to
both kinesin-1 and Myo1c preferentially initiate processive
runs on MTs at AF/MT intersections (Figures 1B and 1C;
Movie S1). In contrast, MCBs bound only to kinesin-1 show
no preference for run initiation at intersections. Rather, kine-
sin-1-only MCBs stochastically initiate runs along the length
of the MT (Figures 1A and 1C; Movie S1). When Myo1c is pre-
sent, the distribution of landing distances from the nearest
AF intersection is significantly different from randomly gener-
ated points in the same fields of view, whereas kinesin-1-
only landing distances mimic the random points (Figure 1D).
These observations suggest that Myo1c facilitates the initia-
tion of a MT-based run by recruiting cargo preferentially to
cytoskeletal intersections.
Next, we investigated the influence of Myo1c on kinesin-1-
mediated processive motility at AF intersections encountered
during motility along a MT. Kinesin-1-only MCBs tend to pass
AF intersections, with only 33% of cargo pausing for greater
than 0.5 s (Figures 2A and 2C; Movie S2). In contrast, 92% of
Figure 1. Myo1c Initiates Kinesin-1-Driven Runs at Engineered AF/MT Intersections
MCBs containing kinesin-1-only or kinesin-1 and Myo1c were observed as they initiated kinesin-1-driven motility along MTs. Events were scored by the
distance between the location of initiated processive motility and the nearest AF intersection.
(A) A sample interaction showing that a kinesin-1-only cargo stochastically initiates MT-based runs with respect to the nearest AF intersection. In this
time series, MTs are pseudocolored green, while AFs are pseudocolored purple. The MCB was monitored as it approached a MT immobilized on the
surface, with the initiation event denoted as the location at which processive motility begins on the kymograph (labeled ‘‘0 s’’ in the time series). The
blue arrowhead next to the kymograph indicates the AF intersection. Data acquired at 10 frames per s (fps). Scale bars represent 1 mm in distance,
3 s in time. See Movie S1.
(B) Myo1c increases the frequency that kinesin-1-driven runs initiate at AF/MT intersections. This sample interaction shows a run beginning at an AF/MT
intersection, 0 s, in which the center of the cargo initiates movement along the MT < 0.5 mm from the center of the intersection, in a time series and
corresponding kymograph. The blue arrowhead next to the kymograph indicates the AF intersection. Scale bars represent 1 mm in distance, 3 s in time.
See Movie S1.
(C) Myo1c induces a significant increase in run initiation events at AF/MT intersections. Events are designated as beginning at an AF/MT intersection if the
centroid of theMCB is% 0.5 mm from the center of the intersection at the time processivemotility along theMT is initiated by kinesin-1. Kinesin-1-only: n = 33
events from two chambers. Kinesin-1+Myo1c: n = 36 events from two chambers. Acquired at 10 fps. ***p% 0.001, Kruskal-Wallis with Dunn’s multiple com-
parisons test. Error bars show bootstrapped SD.
(D) Cumulative frequency distribution showing the increased number of run initiation events occurring in proximity to the nearest AF intersection when
Myo1c is bound to the MCB. While run initiation distances for kinesin-1-only cargo have the same distribution as randomly chosen points in the same fields
of view, kinesin-1 and Myo1c cargo preferentially initiates runs at AF/MT intersections. Kinesin-1-only cargo: n = 33 events from two chambers. Kinesin-
1+Myo1c cargo: n = 36 events from two chambers. Acquired at 10 fps. ***p% 0.001, **p% 0.01, Kruskal-Wallis with Dunn’s multiple comparisons test.
See also Figure S1.
524MCBs bound to kinesin-1 and Myo1c paused at AF intersec-
tions (Figures 2B and 2C; Movie S2). The mean pause length
was 20 s, with some pauses lasting longer than 200 s (Fig-
ure 2B). Kinesin-1 cargo with or without Myo1c present tended
to detach (without passing or pausing) at the AF intersection
with similar low frequencies, 5% and 4% of the time, respec-
tively (Figure 2C).
After a pause, MCBs continued motility along a MT an
average of 73% of the time, or released from the intersection
and diffused away an average of 27% of the time. This was
not significantly altered by the presence of Myo1c on the
MCB (Figure S2A). Cumulatively, these in vitro data support
the hypothesis that Myo1c can dock intracellular cargo at AF
intersections within the cell. Following docking, MCB trans-
port along AFs was not observed in our experiments. Myo1c
has a 50-fold slower motility rate than kinesin-1 [26, 27], and
is nonprocessive unless numerous motors are present [18,
27, 28], making it unlikely that we would observe substantial
motility along, or recruitment to, AFs using these experimental
parameters (see Discussion).To determine whether the observed cargo docking at AF
intersections is specific to Myo1c, we tested the ability of the
nonmotor AF-binding protein a-actinin to stall cargo at
AF/MT intersections. We added 200 nM of a biotinylated
actin-binding domain construct of a-actinin (hereafter referred
to as ‘‘a-actinin’’) to kinesin-1-coatedMCBs, the sameconcen-
tration aswasused forMyo1c.We found that in the presenceof
a-actinin, MCBs were sequestered to AFs, resulting inw80%
fewer MT-based runs (Figure S2B). Within 5 min of addition to
the flow cell, 75% of kinesin-1- and a-actinin-coated cargo
were stably bound to AFs (Figure S2C). In comparison, only
18% of kinesin-1-only and 29% of kinesin-1- and Myo1c-con-
taining MCBs were bound to actin. Of the few kinesin-1- and
a-actinin-containing MCBs that resulted in kinesin-1-driven
motility, 63%ofMCBspassed theAF intersection (Figure S2D),
demonstrating that a-actinin is not able to dynamically tether
MCBs to AF/MT intersections during processive kinesin-1-
driven runs, unlike the observed results with Myo1c.
Nonmuscle tropomyosins have been reported to activate [8,
29, 30], inhibit [10, 31], or not affect myosin motility and
Figure 2. Myo1c Halts Kinesin-1-Driven MCBs at Engineered AF/MT Intersections
We observed the behavior of MCBs traveling along MTs via kinesin-1-driven transport as they encountered AF intersections.
(A) MCBs with only kinesin-1-bound predominantly pass AF/MT intersections. Time series and kymograph showing a kinesin-1-only cargo passing an AF
intersection. The blue arrowhead next to the kymograph denotes the AF intersection in the kymograph. Scale bars, 1 mm and 3 s; acquired at 2 fps. See
also Movie S2.
(B) MCBs with kinesin-1 and Myo1c primarily pause at AF intersections. Time series and kymographs depicting two example pauses. The top event illus-
trates a pause of average length, 20 s, while the bottomevent shows a pause of >220 s. Note the change in timescale between frames in both time series. The
blue arrowhead next to the kymograph denotes the AF intersection. Scale bars, 1 mm and 3 s. See also Movie S2.
(C) Significantly more cargo pause at AF intersections when Myo1c is present (92% versus 33%). A halt in motility along the MT at an AF intersection for
>0.5 s is denoted as a ‘‘pause’’ event. In contrast, kinesin-1-only MCBs tend to pass AF intersections (63% of the time). Both kinesin-1-only and kinesin-
1+Myo1c cargo detach at AF intersections (without a pause or pass) at approximately the same frequency (w4%). Kinesin-1-only: n = 92 observed events
from seven chambers. Kinesin-1+Myo1c: n = 61 observed events from five chambers. Error bars show bootstrapped SD. ****p% 0.0001, Kruskal-Wallis.
See also Figure S2.
525ATPase activities when bound to AFs in an isoform-specific
manner [9, 11, 32]. We focused on nonmuscle tropomyosin-2
(Tm2) because this isoform is generally found throughout the
cytoplasm, but is specifically excluded from the leading
edge of the cell and other areas of highly dynamic AF popula-
tions [12, 33, 34]. To test the effects of full-length Tm2 on
Myo1c motility, we examined Tm2-actin gliding over a bed of
Myo1c. In the absence of tropomyosin, Myo1c robustly
powers AF motility with a velocity of 16 nm/s at room temper-
ature (Figures 3A and 3B; Movie S3). In contrast, tropomyosin-
bound AFs were not directionally driven, and only transiently
interacted with the surface of the coverslip (Figures 3A and
3B; Movie S3). Even these transient interactions disappeared
when methylcellulose, used to concentrate AFs at the surface
of the coverslip, was omitted from the assay buffer, while non-
tropomyosin AFs were still capable of directionally gliding.
Taken together, these results show that Tm2 inhibits force-
generating Myo1c-AF interactions.
To determine if Tm2 can modulate the Myo1c-mediated ef-
fects of MCB behavior at AF/MT intersections, we added
Tm2-coated actin to our in vitro crossed-filament assay. Strik-
ingly, Tm2-actin inhibited Myo1c-specific cargo run initiation
at Tm2-AF/MT intersections (Figure 3C). In contrast to our ob-
servations in the absence of Tm2, MCBs transported by kine-
sin-1 in the presence and absence of Myo1c initiate MT-based
runs stochastically with respect to the nearest Tm2-AF inter-
section (Figure S3). We also found that kinesin-1 MCBs with
or without Myo1c are no more likely to land at MT/MTintersections than randomly chosen points in the same fields
of view (Figure 3D). If run initiation at AF/MT intersections
was solely due to increased motor-cytoskeleton binding sites
at a particular point, wewould expect to see a similar enhance-
ment in initiation at MT/MT intersections. Thus, Myo1c recruit-
ment of cargo to AF/MT intersections is a specific property of
Myo1c coordinating with kinesin-1 to initiate MT-based cargo
runs, and is regulated by the presence of Tm2.
Finally, we found that Tm2-actin robustly prevents Myo1c-
induced pausing of MCBs at Tm2-AF/MT intersections (Fig-
ures 3E–3G; Movie S4). In the absence of Tm2, 33% of kine-
sin-1-only cargo and 92% of kinesin-1- and Myo1c-containing
MCBs pause at AF/MT intersections (Figures 2D and 3E).
When Tm2-actin is present, rather than pausing at AF intersec-
tions, kinesin-1 cargo with Myo1c bound pass Tm2-AF inter-
sections with frequencies comparable to those observed for
kinesin-1-only cargo (66%) (Figure 3E).
Discussion
Intracellular transport is largely driven by processive motors,
such as kinesin-1, which are capable of transporting cargos
over long distances within the cell. Previous studies have
shown that when different types of processive motors
compete at cytoskeletal intersections, both the number of mo-
tors bound and the biophysical properties of thesemotors and
their cargo adaptors determine which motor type will domi-
nate [17, 35, 36]. Here, we use a similar strategy to investigate
Figure 3. Nonmuscle Tm2 Regulates Myo1c Interactions at Tm2-AF/MT Intersections
(A) AF gliding assays were performed in the presence or absence of Tm2. Representative images of the first frame, last frame, and maximum intensity pro-
jection from 5min gliding assays in the presence and absence of Tm2, at 50 nMMyo1c. In the absence of Tm2, Myo1c powers continuous actin gliding. Tm2
disrupts gliding and only nondirectional movement is observed. Magenta and cyan stars label two example AFs in each condition. Acquired at 0.5 fps. Scale
bar, 1 mm. See also Movie S3.
(B) Tm2 inhibitsMyo1c AF gliding over a range ofMyo1c concentrations (50–500 nMMyo1c). AFs without Tm2 glide in directional tracks, whereas Tm2-actin
interact transiently and nondirectionally with Myo1c on the surface. n > 150 filaments per condition.
(C) Tm2-actin abolishesMyo1c-based cargo run initiation at Tm2-AF/MT intersections. Initiation of processiveMT-based kinesin-1 motility was scored with
respect to the nearest Tm2-AF intersection. Kinesin-1+Myo1c MCBs do not preferentially initiate runs at AF intersections when Tm2 is present. Acquired
10 fps. Kinesin-1+Myo1c, n = 37; kinesin-1-only, n = 33; events from 27 fields of view from two chambers each. Scale bar, 1 mm. Error bars show bootstrap-
ped SD. ****p% 0.0001, ***p% 0.001, **p% 0.01, Kruskal-Wallis with Dunn’s multiple comparisons test. See also Figure S3.
(D) Run initiation is not enhanced atMT/MT intersections. Initiation of processiveMT-based kinesin-1motility was scoredwith respect to the nearestMT/MT
intersection. Both kinesin-1-only and kinesin-1+Myo1cMCBs initiate runs at MT/MT intersections with the same frequency as randomly generated points in
the same fields of view. Data acquired at 10 fps from Tm2-actin movies. Kinesin-1+Myo1c, n = 41; kinesin-1-only, n = 13 events from two chambers each.
Error bars show bootstrapped SD. Initiation event distances from MT/MT intersections between groups are not significantly different based on Kruskal-
Wallis with Dunn’s multiple comparisons test.
(E) Tm2-actin preventsMyo1c-based cargo pausing at AF/MT intersections. MCB behavior was observed at AF/MT or Tm2-AF/MT intersections and scored
as follows: detach, the cargo detached at the intersection without a pause >0.5 s; pass, the MCBs passed the intersection without a pause >0.5 s; or pause,
(legend continued on next page)
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Figure 4. Myo1c Affects Both the Initiation and Termination of Kinesin-1-
Driven Runs
Myo1c facilitates kinesin-1 run initiation at AF/MT, but not Tm2-AF/MT inter-
sections, and specifically delivers cargo to non-Tm2-AF intersections to
terminate long-distance MT-based transport.
See also Figure S4.
527the role of nonprocessive motors in intracellular trafficking.
Our observations suggest that nonprocessive motors such
as Myo1c may be key in regulating the specificity of intracel-
lular targeting of vesicular and organelle cargos.
Myosin-I motors participate in a variety of membrane-actin
interactions, including dynamic membrane transformations
[4, 7, 18–20, 37]. For example, Myo1c has been hypothesized
to participate in the recycling of lipid raft cargo toward the
plasma membrane from perinuclear recycling tubes [1], and
the last steps of GLUT4 trafficking toward the plasma mem-
brane [2, 3, 7, 37]. The localization of Myo1c to these specific
cargos suggests that myosin-I motors could be used to
actively sort and target cargo to particular destinations within
the cell.
Here, we used an in vitro reconstitution assay to demon-
strate that the nonprocessive motor Myo1c plays important
roles both at the beginning and end of kinesin-1-driven long-
distance transport (Figure 4). Myo1c facilitates cargo run initi-
ation by selectively recruiting cargo to cytoskeletal intersec-
tions, where kinesin-1 can rapidly begin to transport cargo
along a MT (Figures 1 and 4). Strikingly, the Myo1c-specific
effects on cargo initiation and termination events are not re-
produced by a different actin-binding protein, a-actinin, sug-
gesting that the active motor activity of Myo1c, not just its
actin binding capacity, is necessary for successful cargo teth-
ering. Myo1c-specific cargo run initiation and termination is
also abolished by the binding of Tm2 to AFs. This provides a
mechanism to selectively regulate Myo1c activity, and thus
cargo behavior in the cell, in a spatially controlled manner.
We note that while Myo1c motors induce the preferential
binding of membrane-bound cargos at AF/MT intersections,
these cargos do not become stably tethered at these junc-
tions. This is likely due to the robust motor activity of kine-
sin-1 motors, as cargo that initiate runs at AF/MT intersections
typically clear the intersection within 500ms. In contrast, when
cargo moving along a MT encounter an AF, Myo1c motors
have over a second to bind to the AF intersection and form a
more stable interaction. Furthermore, kinesin-1 motors are
not adept at navigating roadblocks (Figure 2) [38], so the phys-
ical obstruction of the AF intersection likely helps facilitate
dominance of the nonprocessive motor Myo1c over the proc-
essive motor kinesin-1 during run termination.
We know that multiple kinesins are driving the motility of the
MCBs along MTs, since the run lengths observed under our
assay conditions (>5 mm) exceed those of single kinesin-1 mo-
tors (w1 mm [26]). Myo1c is a nonprocessive motor that inter-
acts only transiently with AFs, so the engagement of many
Myo1c motors is likely to be necessary to stall a cargo at an
AF/MT intersection over tens to hundreds of seconds [18,
28]. However, constraints dictated by the bead, motors, and
cytoskeleton geometry limit the number of motors available
to bind at the AF/MT intersection, so we predict that no more
than 6 Myo1c and 11 kinesin-1 motors are capable of interact-
ing at any given time (Figure S4). We estimate that only a fewthe MCBs paused for >0.5 s (limited by 2 fps acquisition rate). The behavior of k
was described in Figure 2. Bars with gray stripes illustrate bead behavior at Tm
Tm2-AF/MT than AF/MT intersections, replicating kinesin-1-only cargo behavio
kinesin-1+Myo1c (+Tm2-AF), n = 61 observed events in five chambers. Error b
tiple comparisons test.
(F) Representative time series and kymograph showing that kinesin-1-only MC
colored green and Tm2-actin is pseudocolored pink; the blue arrowhead den
See also Movie S4.
(G) Representative time series and kymograph showing that cargo with kinesin
1+Myo1c cargo do not pause at AF/MT intersections. Scale bars, 1 mm and 3Myo1c motors are necessary to effectively stall kinesin-1
motility at AF/MT intersections.
Myosin-V, kinesin-1, and Myo1c have all been localized to
the insulin-responsive membrane compartment that contains
GLUT4 glucose transporters. Actin-based transport has been
proposed to play an active role in the transport of this
compartment to the plasma membrane in adipocytes and
muscle cells; yet, how GLUT4-containing membranes are
transferred from kinesin-1-dependent MT transport to actin-
based transport in the cell periphery, and the role of Myo1c
during this process, are poorly understood [21–24]. The data
presented here support the previously proposed role for
Myo1c as a motor necessary for docking or tethering
GLUT4-containing vesicles, trapping these vesicles in the
cortical actin network before GLUT4 vesicle fusion [2, 3]. Spe-
cifically, we now show that the intrinsic properties of kinesin-1
and Myo1c motors allow for cargo docking at AF intersections
without any further regulators. Cumulatively, these results
support a model in which kinesin-1 motors drive long-distance
transport of GLUT4 cargo toward the cell periphery alongMTs.
At the periphery, Myo1c halts MT-based transport, docking
cargo at AF/MT intersections until they complete their trans-
port to, and fusion with, the plasma membrane upon insulin-
stimulated myosin-V transport. This finding is consistent with
the observation of GLUT4 vesicle docking adjacent to MTs
prior to fusion with the plasma membrane [39]. Given its slow
motility and nonprocessive nature, our data do not support a
model in which Myo1c transports cargos over long distances
along AFs in this geometry. Instead, our data support a model
in which Myo1c is required as a dynamic tether between MT-
and AF-based transport regimes.
Tropomyosin has been shown to both positively [8, 29, 30]
and negatively [10, 31] regulate motor motility within the cell
[9, 11, 32, 40]. For instance, Saccharomyces cerevisiae
myosin-V is selectively activated by tropomyosin-coated actininesin-1-only (red) and kinesin-1+Myo1c (blue) MCBs at AF/MT intersections
2-AF/MT intersections. Significantly fewer kinesin-1+Myo1c MCBs pause at
r. Kinesin-1, n = 92; kinesin-1+Myo1c, n = 64; kinesin-1 (+Tm2-actin), n = 37;
ars show bootstrapped SD. ****p% 0.0001, Kruskal-Wallis with Dunn’s mul-
Bs pass through AF intersections when Tm2 is present. MTs are pseudo-
otes the Tm2-AF intersection. Scale bars, 1 mm and 3 s; acquired at 2 fps.
-1+Myo1c pass Tm2-AF intersections. When Tm2 is bound to AFs, kinesin-
s; acquired at 2 fps. See also Movie S4.
528populations [8]. Alternatively, Myo1b and Myo1a preferentially
localize to tropomyosin-free actin populations and show in-
hibited AF gliding of tropomyosin-coated filaments [10, 11,
32]. Here, we find that Myo1c activity is inhibited by Tm2-actin
in vitro in both gliding and crossed-filament assays. Tm2 in-
hibits Myo1c-mediated cargo run initiation, as well as proces-
sive run termination, at AF intersections. Since Tm2 is located
just behind the leading edge of the cell, prevention of Myo1c-
mediated cargo docking would promote cargo passage
through the dense cortical actin network, enhancing delivery
to the plasma membrane for exocytic fusion. These results
strengthen the argument that Myo1c is an important factor in
cargo sorting, providing an underlying mechanism by which
Myo1c-induced cargo run initiation and run termination occurs
preferentially when encountering specific AF populations,
such as the highly dynamic AF populations near the perinu-
clear region and at exocytic zones just beneath the plasma
membrane (Figure 4) [12, 41].
There are a variety of actin-binding and MT-associated pro-
teins and posttranslational modifications that can modify the
ability of motors to interact with specific cytoskeletal popula-
tions.While AF-binding proteinsmay specify distinct subcellu-
lar domains, MTs can be modified posttranslationally to form
differentially localized cytoskeletal populations within the cell
that may lead to either activation or inhibition of cargo trans-
port [42]. Cumulatively, these observations suggest that the
specific complement of processive and nonprocessive molec-
ular motors bound to an intracellular cargo specifies delivery
to subcellular domains via motor-specific deciphering of the
cytoskeletal ‘‘code.’’
Conclusions
Our in vitro reconstitution approach allowed us, for the first
time, to directly observe the interactions between specific
nonprocessive and processive molecular motors on a physio-
logically relevant, yet simplified, cargo in unambiguous cyto-
skeletal environments. Our results suggest Myo1c-bound
cargo can be loaded on to MTs for kinesin-1-driven long-dis-
tance transport and later docked, or tethered, in peripheral
actin-rich regions to facilitate the initiation and termination of
long-distance transport. Additionally, we find that both run
initiation and run termination are regulated by the AF-binding
protein tropomyosin, providing a mechanism to regulate the
localized delivery of cargos to regions of tropomyosin-free
AFs within the cell. Thus, the tropomyosin regulation of
Myo1c may permit localized regulation of cargo behavior
without direct cargo or motor modification, enabling effective
sorting of exocytic cargo.
Experimental Procedures
See Supplemental Experimental Procedures for detailed information about
experimental reagents and procedures.
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